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METHODS AND DEVICES FOR MINIM
ALLY-INVASIVE DELIVERY OF RADIATION
TO THE EYL
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their entirety by reference. Application Ser. No. 14/011,516
also claims prionity to U.S. patent application Ser. No.

13/953,528, filed Jul. 29, 2013, which 1s a non-provisional
of U.S. Provisional Application No. 61/676,783, filed Jul.
2’7, 2012, the specification(s) of which is/are incorporated
herein 1n their entirety by reference.

FIELD OF THE INVENTION

The present invention relates to methods and devices for
introducing radiation to the eye, e.g., the posterior portion of
the eye, for treating and/or managing eye conditions includ-
ing but not limited to macular degeneration.

BACKGROUND OF THE INVENTION

The present invention features methods and devices for
minimally-1invasive delivery of radiation to the eye, e.g., the
posterior portion ol the eye. For example, the present
invention features cannula systems and afterloading systems
(e.g., remote afterloading systems) for introducing emanat-
ing sources (e.g., active material, radionuclide brachy-
therapy sources) to the cannula systems for irradiating
targets (e.g., targets of the eye). The emanating source may
be, for example, mtroduced nto the cannula system via an
alterloading system following cannula system insertion and
positioning.

Presently, workers 1n the field of radiation therapy believe
that a barrel-shaped or disk-shaped radiation projection at
the surface of the radiation source 1s the proper radiation
profile for treating neovascular lesion of wet AMD. We have
surprisingly discovered that radiation flux with an attenua-
tion zone, e.g., a centrally disposed attenuation zone, pro-
vides for more eflective treatment of neovascular lesion of
wet AMD from the posterior episcleral surface.

Any feature or combination of features described herein
are included within the scope of the present invention
provided that the features included 1n any such combination
are not mutually inconsistent as will be apparent from the
context, this specification, and the knowledge of one of
ordinary skill 1n the art. Additional advantages and aspects
of the present ivention are apparent in the following
detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an 1n-use view of a cannula system of the
present 1nvention.

FIG. 2 shows a schematic view of an afterloading system
of the present invention. Afterloading systems are well
known to one of ordinary skill in the art. The present
invention 1s not limited to the afterloading systems described
herein.

FIG. 3A shows the advancing means and emanating
source within the guide tube.

FIG. 3B shows the guide tube connecting to the cannula
system.

FIG. 4A shows a detailed view of the distal portion of a
cannula system comprising a single channel through which
an emanating source can travel. The cannula system com-
prises a plurality of treatment positions within the channel
(e.g., treatment position 1, treatment position 2, treatment
position n, treatment position n+1, etc.).

FIG. 4B shows a detailed view of the distal portion of a
cannula system comprising more than one channel (e.g., 2
channels) through which an emanating source can travel,



US 10,850,118 B2

3

wherein the channels each comprise more than one treat-
ment position (e.g., treatment position 1, treatment position

2) for the emanating source.

FIG. 5 shows the insertion of a fixed shape cannula
according to the present invention. The tip of the cannula
system 1s positioned at the back of the eye. Part (220) refers
to the visual axis of the user; Part (230) refers to the Tenon’s
capsule; Part (235) refers to the sclera; Part (500) refers to
an orifice; Part (510) refers to a window. The present
invention 1s not limited to the configuration and parts of the
cannula shown 1n FIG. 5.

FIG. 6A shows a side view of a light source assembly.

FIG. 6B shows a perspective view of a light source
assembly.

FIG. 6C shows a bottom view of the light source assembly
of FIG. 6B (as viewed from the bottom (or sclera-contacting
surface) of the tip of the distal portion of the cannula
system). The emanating source may be discrete units or a
continuous ring (or partial ring, not shown). The emanating
sources are not limited to these configurations.

FIG. 7A shows the annulus-shaped emanating source at
the tip of a cannula system.

FIG. 7B shows an emanating source with an annulus-like
radiation profile disposed 1n the tip of the cannula system
(100).

FIG. 8 shows an annulus-shaped emanating source and an
emanating source that has an annulus-shaped radiation emis-
sion shape because of the radiation shaper positioned
between the target and the emanating source.

FIG. 9A shows examples of emanating sources (or radia-
tion emission shapes).

FI1G. 9B shows additional examples of emanating sources
(or radiation emission shapes) with attenuation zones.

FIG. 10 shows examples of emanating source shapes (or
radiation emission shapes).

FIG. 11 shows side cross sectional views of two examples
ol emanating source configurations, one with an indentation
and one with a hole.

FIG. 12 shows radiation flux for two annulus emanating,
sources: (a) an annulus-shaped emanating source and a
disc-shaped emanating source paired with a radiation shaper.
The resulting radiation emission shape 1s that of an annulus
configuration.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Following 1s a list of elements corresponding to a par-
ticular element referred to herein:

100 cannula system

110 distal portion of cannula system

112 tip/distal end of distal portion of cannula system

113 center

114 light aperture 1n tip of distal portion of cannula system

116 light source plug compartment

118 treatment position

120 proximal portion of cannula system

130 1intlection point of cannula system

140 handle

150 connector (optional)

160 channel

401 emanating source

401a annulus-shaped emanating source
4015 disc-shaped emanating source
402 jacket

404 radiation shaper

406 radiation emission shape
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407 annulus-shaped radiation emission shape
410 attenuation zone

412 outer edge of attenuation zone

414 hole

416 indentation

450 radiation flux

600 light source assembly

610 light source emitter component

612 light pipe (e.g., fiber optic cable or other light guide)
613 prism

614 light source plug

616 tip of light source plug

617 locking mechanism

618 groove

700 afterloading system
710 vault

720 guide tube

722 advancing means (e.g., guide wire)

730 source-drive mechanism

732 motor

740 computer (e.g., mICroprocessor)

744 control console

Referring now to FIG. 1-12, the present invention features
methods and devices for minimally-invasive delivery of
radiation to the eye, e.g., the posterior portion of the eye. For
example, the present invention features afterloading systems
(700) (e.g., remote afterloading systems) for introducing an
emanating source (401) to a cannula system (100). The
cannula system (100) may be adapted for insertion into a
potential space between the sclera and the Tenon’s capsule
of the eye of a patient.

The present methods and devices may be eflective for
treating and/or managing a condition (e.g., an eye condi-
tion). For example, the present methods and devices may be
used to treat and/or manage wet (neovascular) age-related
macular degeneration. The present methods are not limited
to treating and/or managing wet (neovascular) age-related
macular degeneration. For example, the present methods
may also be used to apply superficial radiation to benign or
malignant ocular growths (e.g., choroidal hemangioma,
choroidal melanoma, retinoblastoma) and or to treat and/or
manage conditions including macular degeneration, abnor-
mal cell proliferation, choroidal neovascularization, retin-
opathy (e.g., diabetic retinopathy, vitreoretinopathy), macu-
lar edema, and tumors.

In some embodiments, the present invention features an
emanating source system, the emanating source system
comprising an emanating source (401) whereby the radiation
emission shape (406) 1s 1n the shape of an annulus or partial
annulus. In some embodiments, the emanating source (401)
1s 1n the shape of an annulus or a partial annulus. In some
embodiments, the emanating source (401) comprises a plu-
rality of discrete seeds that have a cumulative radiation
emission shape (406) of an annulus or partial annulus. In
some embodiments, the emanating source (401) comprises
any arrangement ol sources that yield a radiation emission
shape (406) 1n the shape of an annulus or partial annulus. In
some embodiments, the emanating source (401) comprises a
radiation shaper (404); the radiation shaper (404) shapes the
radiation emitted from the emanating source (401) into a
radiation emission shape (406) 1n the shape of an annulus or
partial annulus. In some embodiments, the emanating source
(401) unit 1s housed 1n a jacket (402). In some embodiments,
the emanating source (401) umt 1s attached to a cannula, a
cannula system (100), a rod, or a stick.

In some embodiments, the present invention features a
method of wrradiating a target of an eye 1n a patient, said
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method comprising exposing a target of an eye with an
emanating source (401) that has an radiation emission shape
(406) of an annulus. In some embodiments, the target
comprises a neovascular lesion of wet AMD. In some
embodiments, the emanating source (401) 1s adjacent to the
retrobulbar episcleral surface.

In some embodiments, the present imnvention features a
method of 1rradiating a target of an eye 1 a patient, said
method comprising nserting a cannula system 1nto a poten-
tial space between a sclera and a Tenon’s capsule of the eye
of the patient; placing a distal portion (110) of the cannula
system (100) on or near the sclera and positioning a treat-
ment position (118) of a tip (112) of the distal portion (110)
of the cannula system (100) near the target; advancing an
emanating source (401) through the cannula system (100) to
the treatment position (118) 1n the distal portion (110) of the
cannula system (100), wherein the radiation emission shape
(406) of the emanating source (401) creates a radiation
emission shape (406) of an annulus; exposing the target to
the emanating source (401); retracting the emanating source
(401); and removing the cannula system (100). In some
embodiments, the emanating source (401) comprises a
single unit or a plurality of discrete units that are positioned
either simultaneously or by sequential positioning. In some
embodiments, the cannula system comprises a cannula sys-
tem (100).

In some embodiments, the present invention features a
method of 1rradiating a target of an eye 1 a patient, said
method comprising advancing an emanating source (401)
through a cannula system (100) to a treatment position (118)
in a distal portion (110) of a cannula system (100); inserting
the cannula system (100) into a potential space between a
sclera and a Tenon’s capsule of the eye of the patient;
placing a distal portion (110) of the cannula system (100) on
or near the sclera and positioning the treatment position
(118) of the cannula system (100) near the target; exposing
the target to the emanating source (401); and removing the
cannula system (100). In some embodiments, the emanating
source (401) comprises a single unit or a plurality of discrete
units that are positioned either simultaneously or by sequen-
tial positioning. In some embodiments, the cannula system
comprises a cannula system (100).

In some embodiments, the present invention features a
brachytherapy system comprising a cannula system (100)
for insertion into a potential space between a sclera and a
Tenon’s capsule of an eye of a patient. In some embodi-

ments, the cannula system (100) comprises a distal portion
(110) with a tip (112), a channel (160) extends through the

cannula system (100) to the tip (112), the channel (160)
comprises at least one treatment position (118) 1n the tip
(112) for an emanating source (401).

In some embodiments, the cannula system (100) com-
prises two channels (160). In some embodiments, the can-
nula system (100) comprises three channels (160). In some
embodiments, the cannula system (100) comprises four
channels (160). In some embodiments, the cannula system
(100) comprises more than four channels (160).

In some embodiments, the channel (160) comprises two
treatment positions (118). In some embodiments, the chan-
nel (160) comprises three treatment positions (118). In some
embodiments, the channel (160) comprises four treatment
positions (118). In some embodiments, the channel (160)
comprises five treatment positions (118). In some embodi-
ments, the channel (160) comprises six treatment positions
(118). In some embodiments, the channel (160) comprises
more than six treatment positions (118).
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In some embodiments, the emanating source (401) 1s
directed through one or more channels (160) to one or more
treatment positions (118) that in summation deliver a dose to
the target approximating that emanating from an annulus. In
some embodiments, the tip (112) of the cannula system
(100) 1s disk-shaped. In some embodiments, the emanating
source (401) 1s horseshoe shaped. In some embodiments, the
emanating source (401) 1s an annulus or a partial annulus. In
some embodiments, the emanating source (401) 1s linear. In
some embodiments, the emanating source (401) comprises
one or more discrete seeds.

In some embodiments, the discrete seeds are arranged 1n
an annulus or partial annulus configuration. In some
embodiments, the emanating source (401) comprises a con-
tinuous ring or a portion of a ring. In some embodiments, the
brachytherapy system further comprises a light source
assembly (600).

In some embodiments, the light source assembly (600)
comprises a fiber optic cable or light pipe (612) operatively
connected to an external light source. a light source plug
(614) 1s disposed on an end of the fiber optic cable or light
pipe (612), a light source emitter component (610) 1s 1ncor-
porated into the light source plug (614), the light source plug
(610) and light source emitter component (610) are adapted
to engage a light source plug compartment (116) disposed in
the tip (112) of the distal portion (110) of the cannula system
(100). In some embodiments, the light source plug (614) and
light source emitter component (610) engage a light aperture
(114) disposed on a bottom surface of the tip (112) of the
cannula system (100). In some embodiments, a prism 1s
disposed at the end of the fiber optic cable or light pipe
(612). In some embodiments, the light source plug (614) 1s
secured 1n the light source plug compartment (116) via a
locking mechanism. In some embodiments, a groove (618)
1s disposed 1n the cannula system (100) adapted to engage
the fiber optic cable or light pipe (612).

In some embodiments, the brachytherapy system further
comprises an aiterloading system (700) for delivering the
emanating sources (401) (400) to the treatment position(s)
(118). In some embodiments, the afterloading system (700)
comprises a guide tube (720) for each channel (160) in the
cannula system (100). In some embodiments, the afterload-
ing system (700) comprises: a vault (710) for storage of an
emanating source (401), wherein the emanating source (401)
1s attached to an advancing means (722); a guide tube (720)
extending from the vault (710), the guide tube (720) is
removably attachable to the cannula system (100); and a
source-drive mechanism (730) operatively connected to the
advancing means (722), wherein the source-drive mecha-
nism (730) advances the emanating source (401) through the
guide tube (720) to the treatment position (118) 1n the
cannula system (100). In some embodiments, the emanating
source (401) provides a dose rate of between about 1 to 10
Gy/min to a target.

In some embodiments, the cannula system (100) com-
prises a proximal portion (120) connected to the distal
portion (110) by an inflection point (130), the distal portion
(110) has a radius of curvature between about 9 to 15 mm
and an arc length between about 25 to 35 mm and the
proximal portion (120) has a radius of curvature between
about an inner cross-sectional radius of the cannula system
(100) and about 1 meter.

In some embodiments, the present invention features a
method of wrradiating a target of an eye 1n a patient, said
method comprising nserting a cannula system (100) into a
potential space between a sclera and a Tenon’s capsule of the
eye ol the patient; placing a distal portion (110) of the
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cannula system (100) on or near the sclera and positioning
a treatment position (118) of a tip (112) of the distal portion

(110) of the cannula system (100) near the target; advancing
an emanating source (401) through the cannula system (100)
to the treatment position (118) in the distal portion (110) of
the cannula system (100); exposing the target to the ema-
nating source (401); retracting the emanating source (401);
and removing the cannula system (100).

In some embodiments, the emanating source (401) travels
to each treatment position (118) sequentially. In some
embodiments, the emanating source (401) travels to selected
treatment positions (118) sequentially. In some embodi-
ments, the emanating source (401) travels to each treatment
positions (118) in a selected order. In some embodiments,
the emanating source (401) travels to selected treatment
positions (118) in a selected order. In some embodiments,
the cannula system (100) 1s operatively connected to an
alterloading system (700). In some embodiments, the after-
loading system (700) 1s operatively connected to the cannula
system (100) after the cannula system (100) 1s positioned 1n
between the Tenon’s capsule and sclera. In some embodi-
ments, the afterloading system (700) 1s operatively con-
nected to the cannula system (100) before the cannula
system (100) 1s positioned 1n between the Tenon’s capsule
and sclera. In some embodiments, both (a) the afterloading
system (700) 1s operatively connected to the cannula system
(100) and (b) the emanating source (401) 1s advanced before
the cannula system (100) 1s positioned in between the
Tenon’s capsule and sclera.

Cannula System

As shown 1n FIG. 1, the cannula system (100) comprises
a distal portion (110) and a proximal portion (120) con-
nected by an intflection point (130). The distal portion (110)
1s generally for placement around a portion of the globe of
the eye. In some embodiments, the distal portion (110) has
a radius of curvature between about 9 to 15 mm and an arc
length between about 25 to 35 mm. In some embodiments,
the proximal portion (120) has a radius of curvature between
about an 1nner cross-sectional radius of the cannula system
(100) and about 1 meter. The cannula system (100), or a
portion thereof, may be flexible, fixed-shape, or a combina-
tion thereof. The cannula system (100) 1s not limited to the
alorementioned dimensions and configurations.

The cannula system (100) may be operatively connected
to an afterloading system (700) having an emanating source
(401). The afterloading system (700) can deliver the ema-
nating source (401) to the cannula system (100) (e.g., to a
treatment position (118) of the cannula system (100), to at
least one treatment position, to one or more treatment
positions, etc.). For example, the afterloading system (700)
can direct the emanating source (401) to a position within
the cannula system (100) (e.g., a treatment position (118), at
least one treatment position, one or more treatment posi-
tions, etc.) such that the emanating source (401) 1s over a
target. The emanating source (401) can then irradiate the
target for a length of time desired. The afterloading system
(700) may also function to remove the emanating source
(401) from the position within the cannula system (e.g., the
treatment position(s) (118)) and from the cannula system
(100) altogether. For example, the afterloading system (700)
may retract the emanating source (401) to 1ts starting posi-
tion outside of the cannula system (100).

The cannula system (100) may comprise one or more
treatment positions (118) and/or channels (160) (as
described below). In some embodiments, an afterloading
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system (700) may function to deliver one or more emanating,
sources (401) to one or more treatment positions (118) 1n one

or more channels (160) of the cannula system (100).

In some embodiments, the cannula system (100) 1s
inserted, e.g., into the potential space between the sclera and
the Tenon’s capsule, and 1s positioned appropriately prior to
attachment of the afterloading system (700). For example,
the distal portion (110) of the cannula system 1s placed on or
near the sclera and the treatment position(s) (118) of the
cannula system (100) (e.g., 1n the distal portion (110)) or
treatment position(s), 1s positioned near the target. Follow-
ing placement and positioning of the cannula system, the
alterloading system (700) may be connected to the cannula
system. In some embodiments, the cannula system (100) and
the afterloading system (700) are connected prior to 1nser-
tion ol the cannula system (100), e¢.g., into the potential
space between the sclera and the Tenon’s capsule. In some
embodiments, the cannula system (100) and the afterloading
system (700) are connected prior to insertion of the cannula
system (100), e.g., into the potential space between the
sclera and the Tenon’s capsule, and the emanating source
(401) advanced to the treatment position prior to the cannula
system being introduced to the sub-tenon’s space.

In some embodiments, the cannula system (100) 1s con-
nected to a handle and/or shielding system (e.g., radiation
shielding PIG). For example, the cannula system (100) 1n
FIG. 5 1s attached to a handle (140).

Afterloading System

The afterloading system (700) may allow for accurate
placement of the emanating source (401), ¢.g., at the treat-
ment position(s) (118) within the cannula system (100).
Afterloading systems (700) are well known to one of ordi-
nary skill in the art and any appropriate afterloading system
(700) may be utilized. For example, 1n some embodiments,
the afterloading system (700) comprises a vault (710) for
temporary housing of the emanating source (401). The
emanating source (401) may be attached to an advancing
means (722) (e.g., a guide wire). In some embodiments, the
emanating source (401) may be incorporated into the
advancing mean (722) (e.g., guide wire). The advancing
means (722) (e.g., guide wire) may be constructed from any
appropriate material including but not limited to nitinol and
stainless steel. A guide tube (720) extends from the vault
(710) and 1s connected to the cannula system (100). In some
embodiments, the guide tube (720) connects, e.g., remov-
ably connects, to the cannula system (100) via a connector
(150). In some embodiments, the connector (150) 1s dis-
posed on the cannula system (100), e.g., on the proximal
portion (120) of the cannula system (100). The advancing
means (722) directs the emanating source (401) through the
guide tube (720), e.g., the advancing means (722) may be
disposed 1n at least a portion of the guide tube (720).

The afterloading system (700) comprises a source-drive
mechanism (730) operatively connected to the advancing
means (722) (e.g., guide wire). The source-drive mechanism
(730) tunctions to advance the advancing means (722) (e.g.,
guide wire) and emanating source (401) through the guide
tube (720) to the treatment position(s) (118) in the cannula
system (100). In some embodiments, the source-drive
mechanism (730) comprises a motor (732). In some embodi-
ments, the motor (732) comprises drive rollers or belts.

In some embodiments, the afterloading system (700)
comprises a computer (740) (e.g., a microprocessor) or other
controller (e.g., an analog or a mechanical control system).
The motor (732) and/or source-drive mechanism (730) may
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be operatively connected to the computer (740) or other
controller. In some embodiments, the computer (740) or

other controller 1s operatively connected to a control console
(744). The control console (744) allows for manipulation of
the computer (740) or other controller. For example, the
control console (744) may allow for programming of the
afterloading system (700), e.g., dwell time of the emanating
source (401) in the treatment position(s) (118), speed of
delivery of the emanating source (401), etc. In some
embodiments, the afterloading system (700) moves the
emanating source (401) from the vault (710) to the treatment
position(s) (118) at a rate of between about 0.01 m/s (1 cm/s)
to about 4 m/s. In some embodiments, the aiterloading
system (700) moves the emanating source (401) from the
vault (710) to the treatment position(s) (118) at a rate of
about 2 m/s.

The afterloading system (700) may measure various
parameters of the treatment. For example, in some embodi-
ments, the afterloading system (700) measures dwell time of
the emanating source (401) in the treatment position(s)
(118).

In some embodiments, the guide tube (720) 1s constructed
from a material that provides some shielding from the
radiation emitted from the emanating source (401) as it
travels through the guide tube (720)

In some embodiments, the afterloading system (700)
turther comprises a selector, for example for treatments that
require multiple applicators or cannula systems (100). The
selector may provide multiple channels, e.g., between 1 to
10 channels, between 2 to 10 channels, between 2 to 20
channels, between 16 to 24 channels, between 18 to 24
channels, more than 24 channels, etc. The selector may
tacilitate the movement (e.g., entry, transfer) of the emanat-
ing source (401) through multiple applicators (e.g., cannula
systems (100)), 1f necessary.

Emanating Source

The methods and devices of the present mvention may
feature any appropriate emanating source (401). In some
embodiments, the emanating source (401) 1s a high-dose-
rate (HDR) source. In some embodiments, the emanating
source (401) 1s a low-dose-rate (LDR) source. In some
embodiments, the emanating source (401) 1s a pulsed-dose-
rate (PDR) source. In some embodiments, the emanating
source (401), e.g., HDR source, delivers a dose rate greater
than 100 cGy per minute for a length of time. However the
present invention 1s not limited to a HDR source that
delivers a dose rate greater than 100 cGy per minute. In
some embodiments, the emanating source (401) provides a
dose rate of between about 2 to 10 Gy/min to the target. In
some embodiments, the emanating source (401) provides a
dose rate of between about 1 to 10 Gy/min to the target. In
some embodiments, the emanating source (401) provides a
dose rate of between about 2 to 6 Gy/min to the target. In
some embodiments, the emanating source (401) provides a
dose rate of about 4.4 Gy/min to the target. In some
embodiments, a LDR source provides a dose rate of less than
about 2 Gy/hour. In some embodiments, a medium-dose-rate
(MDR) source provides a dose rate of between about 2 to 12
Gy/hour. In some embodiments, a HDR source provides a
dose rate of greater than about 12 Gy/hour.

In some embodiments, the emanating source (401) pro-
vides a dose rate of greater than about 10 Gy/min. In some
embodiments, the emanating source (401) provides a dose
rate of greater than about 11 Gy/min to the target. In some
embodiments, the emanating source (401) provides a dose
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rate of greater than about 12 Gy/min to the target. In some
embodiments, the emanating source (401) provides a dose

rate of greater than about 13 Gy/min to the target. In some
embodiments, the emanating source (401) provides a dose
rate of greater than about 14 Gy/min to the target. In some
embodiments, the emanating source (401) provides a dose
rate of greater than about 15 Gy/min to the target. In some
embodiments, the emanating source (401) provides a dose
rate between about 10 to 15 Gy/min. In some embodiments,
the emanating source (401) provides a dose rate between
about 15 to 20 Gy/min. In some embodiments, the emanat-
ing source (401) provides a dose rate between about 20 to 30
Gy/min. In some embodiments, the emanating source (401)
provides a dose rate between about 30 to 40 Gy/min. In some
embodiments, the emanating source (401) provides a dose
rate between about 40 to 50 Gy/min. In some embodiments,
the emanating source (401) provides a dose rate between
about 50 to 60 Gy/min. In some embodiments, the emanat-
ing source (401) provides a dose rate between about 60 to 70
Gy/min. In some embodiments, the emanating source (401)
provides a dose rate between about 70 to 80 Gy/min. In some
embodiments, the emanating source (401) provides a dose
rate between about 80 to 90 Gy/min. In some embodiments,
the emanating source (401) provides a dose rate between
about 90 to 100 Gy/min. In some embodiments, the ema-
nating source (401) provides a dose rate of greater than 100
Gy/min.

In some embodiments, the emanating source (401) pro-
vides a dose rate between about 15 to 20 Gy/min to the
target. In some embodiments, the emanating source (401)
provides a dose rate between about 20 to 25 Gy/min to the
target. In some embodiments, the emanating source (401)
provides a dose rate between about 25 to 30 Gy/min to the
target. In some embodiments, the emanating source (401)
provides a dose rate between about 30 to 35 Gy/min to the
target. In some embodiments, the emanating source (401)
provides a dose rate between about 35 to 40 Gy/min to the
target. In some embodiments, the emanating source (401)
provides a dose rate between about 40 to 50 Gy/min to the
target. In some embodiments, the emanating source (401)
provides a dose rate between about 350 to 60 Gy/min to the
target. In some embodiments, the emanating source (401)
provides a dose rate between about 60 to 70 Gy/min to the
target. In some embodiments, the emanating source (401)
provides a dose rate between about 70 to 80 Gy/min to the
target. In some embodiments, the emanating source (401)
provides a dose rate between about 80 to 90 Gy/min to the
target. In some embodiments, the emanating source (401)
provides a dose rate between about 90 to 100 Gy/min to the
target. In some embodiments, the emanating source (401)
provides a dose rate greater than about 100 Gy/min to the
target.

Multi-Channel-Multi-Treatment Position Cannula
System

The cannula system (100) may comprise multiple chan-
nels (160) through which an emanating source (401) can
travel to the tip/distal end (112) of the distal portion (110) of
the cannula system (100) and/or multiple treatment positions
(118) for the emanating sources (401) within the tip (112).
For example, FIG. 4A shows a cannula system (100) com-
prising a single channel (160) through which an emanating
source (401) can travel through and within the tip (112) of
the cannula system (100). The cannula system (100) com-
prises a plurality of treatment positions (118) within the
channel (160) (e.g., treatment positions positioned 1n the tip
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(112) of the cannula system (100)): treatment position 1,
treatment position 2, treatment position n, and treatment
position n+l.

As shown 1 FIG. 5B of the parent provisional applica-
tion, a cannula system (100) comprises a plurality of chan-
nels (160) (e.g., channel 1, channel 2, channel n, channel
n+1) through which an emanating source (401) can travel.
The cannula system (100) comprises a plurality of treatment

positions (118) (in FIG. 5B each channel (160) has a single

treatment position (118), however 1 some embodiments
cach channel (160) may have multiple treatment positions
(118)), wherein an emanating source (401) in channel 1 1s
directed to treatment position 1, an emanating source (401)
in channel 2 1s directed to treatment position 2, an emanating
source (401) 1n channel n 1s directed to treatment position n,
and an emanating source (401) 1in channel n+1 1s directed to
treatment position n+1.

FIG. 4B shows an example of a cannula system compris-
ing more than one channel (e.g., 2 channels) through which
an emanating source (401) can travel, wherein the channels
cach comprise more than one treatment position (e.g., treat-
ment position 1, treatment position 2) for the emanating
source (401). The system of the present mvention 1s not
limited to the number of treatment positions, channels, or
configuration or arrangements shown herein.

The present mmvention i1s not limited to the number of
treatment positions, channels, or configuration or arrange-
ments of such treatment positions and channels shown
herein. For example, in some embodiments, the system
(100) comprises one treatment position, two treatment posi-
tions, three treatment positions, four treatment positions,
five treatment positions, six treatment positions, seven treat-
ment positions, eight treatment positions, nine treatment
positions. 10 treatment positions, 11 treatment positions, 12
treatment positions, 13 treatment positions, 14 treatment
positions, 15 treatment positions, 16 treatment positions, 17
treatment positions, 18 treatment positions, 19 treatment
positions, 20 treatment positions, or more than 20 treatment
positions. In some embodiments, the system (100) com-
prises one channel, two channels, three channels, four chan-
nels, five channels, six channels, seven channels, eight
channels, nine channels, 10 channels, or more than 10
channels. The tip (112) of the distal portion (110) of the
cannula system (100) 1s not limited to the shapes (e.g.,
rounded, circular) described and shown herein.

The emanating sources (401) occupy the treatment posi-

tion(s) for a certain length of time, or dwell time. The dwell
time at the various treatment positions may be the same or
different.
In some embodiments, the emanating source (401) travels
to each treatment position (118) in its respective channel
(160). In some embodiments, the emanating source (401)
travels to selected treatment positions (118) 1n 1ts respective
channel (160). In some embodiments, the emanating source
(401) travels to each treatment position (or each selected
treatment position (118)) sequentially (e.g., treatment posi-
tion 1, then treatment position 2, then treatment position 3,
etc., or treatment position 3, then treatment position 4, then
treatment position 3, etc.) or 1 a selected order (e.g.,
treatment position 1, then treatment position 5, then treat-
ment position 3, etc.).

Without wishing to limit the present invention to any
theory or mechanism, it 1s believed that the summation of
the treatment positions, each with a dwell time (same
amount of time or different amounts of time) may add up 1n
an overlapping fashion to achueve a more uniform dose
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delivered; this dose delivered may be similar to that of an
annulus seed or a ring of seeds.

For example, 1n reference to figures from provisional
application 61/877,765, FIG. 6C shows the relative dose
distribution for a system wherein an emanating source (401)
(e.g., Sr 90) occupies six treatment positions (arranged
radially on a 4 mm diameter circle thus spaced a distance of
about 2 mm from a center point (113)) in a plane 2 mm away
from the target plane (the treatment positions are 1n a
circle-shaped channel (160) 1n the tip (112) of a cannula
system (100) similar to that shown in FIG. SA). For refer-
ence, FIG. 6A shows a schematic diagram of six treatment
positions (arranged radially on a 4 mm diameter circle thus
spaced a distance of about 2 mm from a center point (113))
in a plane 2 mm away from the target plane. FIG. 6B shows
the relative dose distribution for a system with a single fixed
source (emanating source (401)) (e.g., Sr 90). The distance
between the source midpoint and the target center 1s 2 mm
away Irom the center of a target. For reference, FIG. 6D and
FIG. 6E show a side view and a top cross sectional view,
respectively, of a single source (a four-beaded Sr-90 source)
against detectors at various distances from the source (e.g.,
1.0mm, 1.5 mm, 2.0 mm, 2.5 mm, 3.0 mm, and 3.5 mm; the
data used to compare with the six-position source above 1s
the 2.0 mm distance). FIG. 6F shows dose distribution as
surface plots and 1so-dose lines (in Gy/min mCi) for the
source of FIG. 6D and FIG. 6F at the 2.0 mm distance from
the source midpoint.

In reference to figures from provisional application
61/877,765, FIG. 6G and FIG. 6H show the 3D dose
distribution of a generally annulus-like distribution of ema-
nating sources (401) (top) and a linear-shaped emanating
source (401) (see configuration 1n FIG. 6D) (bottom) at 0.25
mm from the source (FIG. 6G) and 2.0 mm from the source
(FIG. 6H). At the 2 mm distance, the annulus-like distribu-

tion gives a more uniform dose across the diameter.
In reference to figures from provisional application

61/877,765, for comparison, FIG. 61 shows the 3D dose

distribution (top) and iso-dose lines (middle) of a ring-
shaped (annulus-like) emanating source (401) (bottom);

FIG. 6] shows the 3D dose distribution (top) and 1so-dose
lines (middle) of a horseshoe-shaped emanating source
(401) (bottom). The horseshoe-shaped emanating source
(401) approximates an annulus-like shape.

The present invention 1s not limited to emanating sources
(401) comprising Sr 90; other 1sotopes may be used (e.g.,
Y-90, Iodine-125, Cesium-131, Cesium-137, Ir-192,
Ru-106, combinations of isotopes), and the emanating
sources (401) are not limited to any particular form of
radiation (e.g. emitters of alpha, beta, or gamma).

In some embodiments, an afterloading system (700) sends
one or more emanating sources (401) through the channels
(160). For example, the afterloading system (700) may
comprise multiple guide tubes (720), e.g., one guide tube
(720) for each channel (160) 1n the cannula system (100).

The tip (112) of the distal portion (110) of the cannula
system (100) may be constructed 1n a variety of shapes and
s1zes. For example, 1n some embodiments, the tip (112) of
the distal portion (110) of the cannula system (100) 1s
rounded. In some embodiments, the tip (112) of the distal
portion (110) of the cannula system (100) 1s an annulus or a

variation thereof (e.g., partial annulus, a horseshoe shape,
etc.). For example, FIG. 4A. F1G. 4B, FIG. 5, FIG. 6A, FIG.
6B, FIG. 6C and FIG. 7A show the tip (112) having a

generally annulus shape. The tip (112) may be any appro-
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priate shape to accommodate the emanating source (401)
and/or channels (160) and/or singular or multiple treatment
positions (118).

In some embodiments, the emanating source (401) 1s
directed through one or more channels (160) to one or more
treatment positions (118) that 1n summation deliver a dose to

the target approximating that emanating from an annulus (or
partial annulus).

Light Source Assembly

In some embodiments, the cannula system (100) com-
prises a light source. For example, in some embodiments,
the cannula system (100) comprises a light source or in some
embodiments, the cannula system (100) comprises a means
of emitting light from a distant source (e.g., a “light source
emitter component (610)”, e.g., a fixture at the end of a fiber
optic cable) connected, for example, via a fiber optic cable
or light pipe (612). The light source (e.g., light source
emitter component (610)) may be positioned 1n any appro-
priate place on the cannula system (100). For example, in
some embodiments, the light source (e.g., light source
emitter component (610)) 1s positioned 1n the center of the

distal end (112) of the distal portion (110) of the cannula
system (100), e.g., as shown i FIG. 4A and FIG. 40. The
light source (e.g., light source emitter component (610))
may be incorporated into the cannula system (100) or may
be a separate system.

In some embodiments, the cannula system (100) com-
prises a light source assembly (600), whereimn the light
source emitter component (610) 1s incorporated 1nto the light
source assembly (600). For example, FIG. 6A-6C show a
fiber optic cable (612) with a light source plug (614)
disposed on 1ts end. The fiber optic cable (612) may be
connected to an external light source.

In some embodiments, the light source emitter component
(610) 1s 1ncorporated into the light source plug (614). For
example, 1n some embodiments, the light source emitter
component (610) 1s disposed on the tip (616) of the light
source plug (614). As shown 1n FIG. 6A, the light source
plug (610) and light source emitter component (610)/tip
(616) of light source plug (614) are adapted to engage (e.g.,
slide mto) a light source plug compartment (116) disposed 1n
the tip (112) of the distal portion (110) of the cannula system
(100). In some embodiments, the light source plug compart-
ment (116) 1s disposed 1n the center of the tip (112) of the
distal portion (110) of the cannula system (100). In some
embodiments, the light source plug compartment (116) 1s
disposed in the center of the emanating sources (401) in the
tip (112) of the cannula system (100) (see FIG. 6C). The
placement and configuration of the light source plug com-
partment (116) 1s not limited to the positions and configu-
rations shown herein.

In some embodiments, the tip (616) (e.g., light source
emitter component (610)) of the light source plug (614)
engages a light aperture (114) disposed on the bottom
surface (e.g., the sclera-contacting surface) of the tip (112)
of the cannula system (100). The light aperture (114) may
allow the tip (616) (e.g., light source emitter component
(610)) of the light source plug (614) to contact the sclera.
This may allow transmission of light through the sclera.

In some embodiments, the light source plug (614) 1s
secured 1n the light source plug compartment (116) via a
locking mechanism, e.g., a luer lock or other approprate
type of lock. In some embodiments, a groove (618) 1s
disposed 1n the cannula system (100), e.g., 1n the distal
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portion (110) of the cannula system (100) adapted to engage
the fiber optic cable (612) (see FIG. 6B).

As shown 1n FIG. 6C, the emanating source (401) may
comprise one or more discrete seeds, for example arranged
in an annulus configuration (e.g., equidistant from the cen-
ter) or a continuous ring. The emanating source (401)
configuration is not limited to the aforementioned configu-
rations. For example, the discrete seeds may not necessarily
be arranged equidistant from the center, or the discrete seeds
may not form an annulus configuration, or the continuous
ring may be a partial ring or variation thereof.

In some embodiments, a prism (613) 1s disposed at the
end of the fiber optic cable or light pipe (612). Without
wishing to limit the present mvention to any theory or
mechanism, it 1s believed that the prism (613) may allow for

transmission ol light at a right angle from the fiber optic
cable or light pipe (612) through the aperture (114).

Emanating Source Shapes and Radiation Emission
Shapes

The present invention features emanating sources (401)
and emanating source systems. An emanating source (401)
may refer to an isotope/source that emanates or emits
radiation (see FIG. 12). An emanating source (401) may be
a stand-alone radiation source, e.g., radioactive isotope or
radioactive 1sotope complexed with a carrier such as alloyed
Oor a ceramic carrier; or the emanating source (401) may
comprise a jacket (402) (e.g., gold, titanium, stainless steel,
platinum) or other encasement (forming, for example, a
“radionuclide brachytherapy source” (RBS), e.g., seed). In
some embodiments, the emanating source (401) comprises a
radiation shaper (406) to shape the emitted radiation from
the emanating source (401). The emanating sources (401) or
emanating source systems of the present invention may be
used to treat wet AMD or any other appropriate disease or
condition (e.g., lesion, tumor, etc.).

In some embodiments, the emanating source (401) 1s
attached to a cannula (e.g., a cannula of the present invention
or other cannula, e.g., a rod, tube, a solid stick, a hollow or
partially hollow stick, a curved cannula, etc.); for example,
the cannula system (100) of the present invention may
comprise an emanating source (401). In some embodiments,
the emanating source (401) 1s a stand-alone unit (e.g., 1s not
attached to a cannula).

In some embodiments, the emanating source (401) has a
radiation emission shape (406) (e.g., shape of radiation
emitted/shape of radiation at the target) of an annulus shape
(or similar, e.g., a partial annulus), e.g., the emanating
source (401) 1s an “annulus emanating source” (401a). In
some embodiments, the emanating source (401) (e.g., annu-
lus emanating source (401a)) 1s a stand-alone unit (e.g., 1s
not attached to a cannula).

In some embodiments, the emanating source (401) (e.g.,
annulus emanating source (401a)) 1s attached to a cannula
(e.g., a cannula of the present invention or other cannula,
¢.g., a rod, tube, a solid stick, a hollow or partially hollow
stick, a curved cannula, etc.); for example, the cannula
system (100) of the present invention may comprise an
annulus emanating source (401a). In some embodiments, the
emanating source (401) (e.g., annulus emanating source
(401a)) 1s attached to the distal end of a cannula with a solid
core, or a solid rod, or an applicator that 1s not a cannula. In
some embodiments, the emanating source (401) (e.g., annu-
lus emanating source (401a)) 1s attached to the distal end of
a solid rod of stainless steel. In some embodiments, the
emanating source (401) (e.g., annulus emanating source
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(401a)) 1s attached to the distal end of a cannula with the
Inner Diameter comprised of a light pipe.

In some embodiments, the emanating source (401) (e.g.,
annulus emanating source (401a)) 1s in the shape of an
annulus (e.g., ring) (or similar shape, e.g., partial annulus,
horseshoe shape, half-pipe shape, etc.), or a variation of an
annulus (e.g., a square with a hollow center, a rectangle with
a hollow center, another geometric or symmetrical shape
(rotationally symmetrical shapes) with a hollow center, etc.).
In some embodiments, the emanating source (401) (e.g.,
annulus emanating source (401a)) 1s not necessarily 1n the
shape of an annulus, but the overall radiation flux/radiation
emission shape (406) of the emanating source (401) 1s that
of an annuls or similar shape. For example, 1n some embodi-
ments, the emanating source (401) comprises one or mul-
tiple wires that together form a generally annulus-like radia-
tion emission shape (406). Or, 1n some embodiments,
multiple discrete emanating source (401) points have a
cumulative annulus-like radiation emission shape (406). The
emanating sources (401) are not limited to the configurations
described herein.

Without wishing to limit the present invention to any
theory or mechanism, it 1s believed that for beta radiation, or
other radiation (e.g., gamma), the shape of an annulus may
allow for a generally flat dosimetry across a broader diam-
eter. Shapes approximating an annulus, e.g., a square made
of four rectangular seeds, three, four, five, or six (or more)
seeds evenly spaced around in a circle, a partial annulus
(horseshoe), etc., may have similar dosimetry. Such dosim-
ctry may provide improved dose homogeneity across a
target (e.g., lesion, tumor), for example the dose may be
substantially uniform across a target (e.g., there 1s an
absence of a dose hot spot center and the edges of the target
may receive a more equivalent dose as at the center). In
some embodiments, the annulus emanating source (401a)
(or similar shape) may provide a more uniform dose distri-
bution throughout the depth of the target. In some embodi-
ments, the shape of the emanating source 1s not necessarily
an annulus, but the resulting radiation flux at one of the
surfaces of the emanating source 1s in an annulus configu-
ration (e.g., a ring of discrete seeds, a source combined with
a radiation shaper, etc.). In some embodiments, at one of 1ts
surfaces, the emanating source has a resulting outwardly
projecting radiation flux that comprises a centrally located
attenuation zone and a surrounding peripheral radiation
zone. The surrounding peripheral radiation zone may be
continuous or may be discrete regions (e.g., formed by
discrete radiation units/seeds) of outwardly projecting radia-
tion that surrounds the attenuation zone. Further, as dis-
cussed above, an emanating source (401) may be an 1sotope/
source 1tsell that emanates or emits radiation (e.g., an
annular shaped 1sotope seed). In some embodiments, an
emanating source (401) may comprise a jacket (402) (e.g.,
gold, titanium, stainless steel, platinum) or other encasement
which has an 1sotope embedded within, wherein the 1sotope
seed 1tself does not provide for an attenuation zone but the
jacket 1s configured and constructed to provide for the
resulting attenuation zone at the surface of the emanating
source at the surface of the emanating source (e.g., the jacket
comprising a centrally disposed radiation shaper). In some
embodiments, the jacket and the seed embedded therein are
configured and constructed to provide for the resulting
attenuation zone at the surface of the emanating source.

In reference to figures from provisional application
61/877,765, FIG. 13A shows a comparison of dose rates 1n
a target region for several emanating source (401) designs.
The ring (annulus) source has a more homogenous dose
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distribution over the target zone as compared to the disc
source. FIG. 13B also shows a comparison of dose rates 1n
a target region for several emanating source (401) designs:
(a) 4 active seeds arranged side by side; (b) 4 seeds arranged
side by side wherein only the outer 2 seeds are active; and
(c) 4 active seeds arranged on the circumierence of a square.
For the “4 active seeds on the circumierence of a square, the
maximum target dose rate per activity was nearly half that
of the other two arrangements. And, the dose distribution
over the target zone was more homogeneous for the 4
active seeds lying on the circumierence of a square” source
as compared to the other two arrangements.

In reference to figures from provisional application
61/877,765, FIG. 10 shows an annulus-shaped emanating,
source. The dose to the target 1s generally uniform across the
target’s width. The annulus-shaped emanating source may
be housed 1n a jacket (402), e.g., a disk-shaped jacket. FIG.
11A shows the annulus-shaped emanating source within a
jacket (402) disposed at the tip (112) of the cannula system
(100). FIG. 11B shows the annulus-shaped emanating source
disposed 1n the cannula system (100). The annulus-shaped
emanating source 1s not limited to use with a cannula system
of the present invention. The annulus-shaped emanating
source may be used alone or in combination with any other
appropriate cannula or device.

In some embodiments, a radiation shaper (404) 1s used to
shape the radiation emitted from the emanating source
(401). In some embodiments, the emanating source (401) 1s
not annulus shaped, but the radiation shaper (404 ) creates an
annulus-shaped radiation emission shape (406). Thus, while
the emanating source (401) 1s not annulus-shaped, the effect
of the radiation shaper (404) i1s still an annulus-shaped
emanating source (401). FIG. 12 shows a disk-shaped ema-
nating source (4015)) and a rounded radiation shaper (404).
The radiation shaper (404) blocks the radiation (or a portion
thereol) 1n its path (e.g., limiting the radiation traveling to
the target).

As previously discussed, 1n some embodiments, the ema-
nating source (401) may be in the shape of an annulus or
similar. In some embodiments, the emanating source (401)
1s constructed in any other shape but i1s paiwred with a
radiation shaper (404) that shapes the radiation that reaches
the target (the radiation emission shape (406)) in the shape
of an annulus or similar (or the summation of the discrete
points of radiation 1s effectively similar to an annulus or
similar shape). The emanating sources (401) and emanating
source systems are not limited to the aforementioned con-
figurations. For example, in some embodiments, the ema-
nating source (401) 1s 1n the shape of a rotationally sym-
metrical shape (see FIG. 9A).

In some embodiments, the emanating source (401) 1s
complexed with a carrier. In some embodiments, the ema-
nating source (401) 1s complexed with a radiation shaper,
and the emanating source (401) and radiation shaper are
together housed 1n a jacket or encasement (e.g., stainless
steel, gold, or titanium). In some embodiments, the emanat-
ing source (401) 1s housed 1n a jacket or encasement and a
radiation shaper 1s disposed external to the jacket (402) or
encasement. In some embodiments, “active material” refers
to the emanating source. In some embodiments, “active
material” refers to the emanating source complexed with a
carrier.

In some embodiments, the emanating source (401) com-
prises an attenuation zone (410) that has either reduced or
climinated radiation emaitted from the region. For example,
in some embodiments, the emanating source (401) com-
prises an attenuation zone (410), wherein the attenuation
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zone (410) 1s a hole. The hole (414) may create an annulus-
shaped emanating source (401). In some embodiments, the
attenuation zone (410) 1s an indentation (416). In some
embodiments, the attenuation zone (410) comprises a shield
for shielding or partially shielding radiation emitted from the
attenuation zone (410). Again, the attenuation zone (410)
may be achieved by combining a radiation shaper (404) in
combination with the emanating source (401), thereby shap-
ing the radiation emission shape (406). Non-limiting
examples of such emanating sources (401) are shown 1n
FIG. 10. The emanating sources (401) are not limited to the
shapes and configurations shown herein.

FIG. 9B (and FIG. 9A) shows examples ol possible
shapes of the emanating sources (401) or the radiation
emission shape (406). The attenuation zone (410) 1s not
limited to a circular shape (or a square shape, triangular
shape, oval shape, etc.).

The attenuation zone (410) may allow the emanating
source (401) to achieve a substantially flat dose rate both at
the central area of the target as well as across the diameter
of the target (as compared to a disk-shaped emanating
source/radiation emission shape).

In some embodiments, the dose that 1s emitted from the
attenuation zone (410) 1s about 10% less than the dose
emitted from the outer edge (412) of the attenuation zone
(410). In some embodiments, the dose that 1s emitted from
the attenuation zone (410) 1s about 15% less than the dose
emitted from the outer edge (412) of the attenuation zone
(410). In some embodiments, the dose that 1s emitted from
the attenuation zone (410) 1s about 20% less than the dose
emitted from the outer edge (412) of the attenuation zone
(410), In some embodiments, the dose that 1s emitted from
the attenuation zone (410) 1s about 25% less than the dose
emitted from the outer edge (412) of the attenuation zone
(410). In some embodiments, the dose that 1s emitted from
the attenuation zone (410) 1s about 30% less than the dose
emitted from the outer edge (412) of the attenuation zone
(410). In some embodiments, the dose that 1s emitted from
the attenuation zone (410) 1s about 40% less than the dose
emitted from the outer edge (412) of the attenuation zone
(410). In some embodiments, the dose that 1s emitted from
the attenuation zone (410) 1s about 50% less than the dose
emitted from the outer edge (412) of the attenuation zone
(410). In some embodiments, the dose that 1s emitted from
the attenuation zone (410) 1s about 60% less than the dose
emitted from the outer edge (412) of the attenuation zone
(410). In some embodiments, the dose that 1s emitted from
the attenuation zone (410) 1s about 70% less than the dose
emitted from the outer edge (412) of the attenuation zone
(410). In some embodiments, the dose that 1s emitted from
the attenuation zone (410) 1s about 80% less than the dose
emitted from the outer edge (412) of the attenuation zone
(410). In some embodiments, the dose that 1s emitted from
the attenuation zone (410) 1s about 90% less than the dose
emitted from the outer edge (412) of the attenuation zone
(410). In some embodiments, the dose that 1s emitted from
the attenuation zone (410) 1s about 100% less than the dose
emitted from the outer edge (412) of the attenuation zone
(410).

As previously discussed, the emanating source (401) 1s
not limited to the configurations described herein. For
example, 1n some embodiments, the emanating source (401)
comprises one or multiple wires that together form a gen-
crally annulus-like radiation emission shape (406). Or, 1n
some embodiments, multiple discrete emanating source
(401) points have a cumulative annulus-like radiation emis-
sion pattern (radiation emission shape).
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In some embodiments, the attenuation zone (410) 1s
proportional 1n size to the remaining area of the emanating
source (401) shape (or radiation emission shape (406)) such
that the dosimetric profile delivers a substantially flat dose
rate over the entire area contained by the emanating source
(401) (1including over the attenuation zone (410), which may
have reduced or absent radiation emission as compared to
the remaining area of the emanating source (401)/radiation
emission shape (406)).

In reference to figures from provisional application
61/877,765, FIG. 13A shows modeled emanating sources
(401), ¢.g., a disc and rings with an outer diameter of 4 mm
and a thickness of 0.1 mm. The rings had inner diameters of
2.0, 3.0, 3.5 and 3.6 mm. As the inner diameters increased
(holes were bigger), there was more homogeneity of dose
distribution. The emanating source (401) may be customized
according to lesion size and depth. For example, the ema-
nating source (401) may comprise a ring with an inner
diameter greater than 3.6 mm or less than 2.0 mm, the
emanating source (401) may have a larger or smaller thick-
ness than 0.1 mm, the emanating source (401) may have a
larger or smaller outer diameter than 4 mm, etc. FIG. 17
shows a disc-shaped emanating source (401) (left) and a
ring-shaped emanating source (401) (right), e.g., an annulus-
shaped emanating source (401). These configurations were
used to calculate the dosimetry shown in FIG. 13A.

FIG. 8 shows radiation tlux (450) for two annulus ema-
nating sources: (a) an annulus-shaped emanating source and
a disc-shaped emanating source paired with a radiation
shaper. The resulting radiation emission shape (406) 1s that
of an annulus configuration.

As used herein, the term “about” refers to plus or minus
10% of the referenced number.

Various modifications of the invention, in addition to
those described herein, will be apparent to those skilled in
the art from the foregoing description. Such modifications
are also intended to fall within the scope of the appended
claims. Each reference cited in the present application 1s
incorporated herein by reference 1n 1ts entirety.

Although there has been shown and described the pre-
terred embodiment of the present invention, 1t will be readily
apparent to those skilled 1n the art that modifications may be
made thereto which do not exceed the scope of the appended
claims. Therefore, the scope of the mvention 1s only to be
limited by the following claims. Reference numbers recited
in the claims are exemplary and for ease of review by the
patent oflice only, and are not limiting 1n any way. In some
embodiments, the figures presented in this patent application
are drawn to scale, including the angles, ratios of dimen-
s1ons, etc. In some embodiments, the figures are represen-
tative only and the claims are not limited by the dimensions
of the figures. In some embodiments, descriptions of the
inventions described herein using the phrase “comprising”
includes embodiments that could be described as “consisting
of’, and as such the written description requirement for
claiming one or more embodiments of the present invention
using the phrase “consisting of” 1s met.

The reference numbers recited in the below claims are
solely for ease of examination of this patent application, and
are exemplary, and are not intended in any way to limit the
scope of the claims to the particular features having the
corresponding reference numbers in the drawings.

What 1s claimed:

1. A brachytherapy system comprising a cannula system
(100) for insertion 1mnto a potential space between a sclera
and a Tenon’s capsule of an eye of a patient, the cannula
system (100) comprises a distal portion (110) with a tip
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(112), one or more channels (160) that extend through the
cannula system (100) to the tip (112), the one or more
channels (160) comprising at least one treatment position
(118) in the tip (112) for one or more emanating sources
(401), and a light source assembly (600),
wherein the light source assembly (600) comprises a fiber
optic cable or light pipe (612) operatively connected to
an external light source, a light source plug (614) 1s
disposed on an end of the fiber optic cable or light pipe
(612), a light source emitter component (610) 1s 1ncor-
porated into the light source plug (614), the light source
plug (610) and light source emitter component (610)

are adapted to engage a light source plug compartment
(116) disposed 1n the tip (112) of the distal portion (110)

of the cannula system (100), wherein the light source
plug (614) and light source emitter component (610)
engage a light aperture (114) disposed on a bottom
surface of the tip (112) of the cannula system (100).

2. The system of claim 1, wherein the one or more
emanating sources (401) are configured to be directed
through the one or more channels (160) to one or more
treatment positions (118) to deliver a dose to the target that
approximates a dose emanating from an annulus.

3. The system of claim 1, wherein the tip (112) of the
cannula system (100) 1s disk-shaped.

4. The system of claim 1, wherein the one or more
emanating source (401) 1s an annulus or a partial annulus.

5. The system of claim 1, wherein the one or more
emanating source (401) 1s linear.

6. The system of claim 1, wherein the one or more
emanating source (401) comprises one or more discrete
seeds.

7. The system of claim 6, wherein the one or more discrete
seeds comprises a plurality of discrete seeds are arranged 1n
an annulus or partial annulus configuration.

8. The system of claim 1, wherein the one or more
emanating sources (401) comprises a continuous ring or a
portion of a ring.
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9. The system of claim 1, wherein a prism 1s disposed at
the end of the fiber optic cable or light pipe (612).

10. The system of claim 1, wherein the light source plug
(614) 1s secured 1n the light source plug compartment (116)
via a locking mechanmism.

11. The system of claim 1, wherein a groove (618) 1s
disposed in the cannula system (100) adapted to engage the
fiber optic cable or light pipe (612).

12. The system of claim 1 further comprising an aiter-
loading system (700) for delivering the one or more ema-
nating sources (401) to the at least one treatment position
(118).

13. The system of claim 12, wherein the aifterloading
system (700) comprises a guide tube (720) for each of the
one or more channels (160) 1n the cannula system (100).

14. The system of claim 12, wherein the aifterloading
system (700) comprises: a vault (710) for storage of the one
or more emanating sources (401), wherein the one or more
emanating sources (401) are attached to an advancing means
(722); a gmide tube (720) extending from the vault (710), the
guide tube (720) 1s removably attachable to the cannula
system (100); and a source-drive mechamsm (730) opera-
tively connected to the advancing means (722), wherein the
source-drive mechanism (730) 1s configured to advance the
one or more emanating sources (401) through the guide tube
(720) to the at least one treatment position (118) in the
cannula system (100).

15. The system of claim 1, wherein the one or more
emanating sources (401) are configured to provide a dose
rate of between about 1 to 10 Gy/min to a target.

16. The system of claim 1, wherein the cannula system
(100) comprises a proximal portion (120) connected to the
distal portion (110) by an inflection point (130), the distal
portion (110) has a radius of curvature between about 9 to 15
mm and an arc length between about 25 to 35 mm and the
proximal portion (120) has a radius of curvature between
about an inner cross-sectional radius of the cannula system
(100) and about 1 meter.
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